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T h i n  repnrt  if? subtnittcd in nccorrlance with the requirementa of 

Contract No. NAS 4-701. Xt crwerv Phase I I  and the completion 

of tire program. 

_ -  - - - _...__- 

This final report providea two categoric- af information, Firnt, 

in the condiict of Phane i I ,  MRL foiinri that t.lre design indicated !n 

the Phase I Report coiild arid ~+lrould be improved. 

and the reeoltaiit iinprovernente will. he indicated. Secondly, certain 

information concerning the cornponentcs of the breadboard system i e  

furninhed to help wirnplify futrrre tepte and evaliiationa of the approach. 

Theee changee 

i n  the coiirtm of construction and checkout of the breadboard, it was 

found that both t y p e  of traneducer exhibit a change in characterietic 

a R  a function of the gae presmre. ?'hi~1 change i e  in tile predicted 

direction and appears to be more prowunced in the JT transducer 

than i x i  the NT unit. 

between the traneducer changes and the gae density a s  well ae an 

indication of tile minimum density measurement capability of this 

technique requires the more complete teeting on the part of FRC. 

Further estahlislirnent of the relationship 
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TI1E DilEAIlDOARD SYS'i'EA4 

in 111- c m i r w  of opexatinnai tcnt -  of the breadboard indicated by 

the P h a w  I .  Report, i t  vvaq lound that tiie crycrtal driving c i rcu i t  

which appeared sat isfactory for titp JT type tranRducer wag not 

compatible with the NT eicment. 

dcmandls a ntahility bcyorid the baeic capability nf the tuned circuit 

coilpled muiti-vibrator which had provcn reanonably nucceeeful fo r  

tiie J'i: eiement. 

. _ _ _ _ _ _ - _ - - _ - -  ~ 

Ij: 

The higher Q of the NT c r y s t a l  

The  problem of nbtairiirig a auitahly otahle driving R O U X C ~  for both 

t raneducere was diecriePcd with t h c  c r y n t a l  fabricators ,  

tlieee d iecuee ion~ i ,  i t  was conc1urleci that a Reparate driving 

oscil lator woilld be intpractical even though "niatched crystale ' '  

were uped. 

the driving oacii lator crye ta l  to foliow thclree changes in the frequency 

of the tranoclucer induced by the gae density changes. 

logical Btep was to fitid a meana whereby the transducer itself 

become9 the frequency determining elernent. 

eysteni that can ' ' t rack" automatically in frequency over the opera-  

ting range of the transducer. 

From 

PJo practical  way was found to a l te r  the freqiisncy of 

The next 

This to  provide a 

A form of blocking oeciliator circuit was cleeigned with a tuned 

collector c i rcu i t  inductively coupled to the emi t te r  c i rcu i t  and 

with feedback through the traneclucex element. The schematic 

for thie c i rcu i t  i R  shown in Drawing D10709. By maintaining a 

standard output a t  meter  MZ and using a decade eer iee  of r e s i s t o r s  

in  conjunction with the multiple turn potentiometer R i Z ,  the change 

in equivalent reeietance of the t ransducer  can  be monitored over 

a wide range. 
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i ) , in i ~ i n n ~ i i r ~ i n ~ n f  ci.r.c.iiit i n  adapted to ueage on a atandard 

60 ryc:ln p9wcr ROUI'CC by m e a n 8  o f  ;R regulated power eupply. 

?'he eciwrnat-ic diagram for thie power supply i e  nhown in 

Drawing a10669. 

eup?iy ie  adjueted for a reguiatcu autput of 14 volts DC. 
For operatinn of thie eystern, thie power 
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IUE TRANSDUCER SOURCES 
c -- - -----_O_- 

During Phaee X of the program, a number of quarts crystal 

fabricatore were contacted in order to find a suitable supplier! 

for the transducers involved, M o s t  mich organiaatione were 

found to be intereeted primarily in furnishing etandard catalog 

cryetale and did not have engineering department6 that would 

permit epecial traneducer work of the type required for this 

program, Two organizatione did, however, indicate an interert 
in working on thie problem. 

1 

They wexe: 

1. Monitor Producte Company, fnc. 
815 Fremont Avenue 
South Paeadena, California 

Attn: Mr, Don Montgomery 
Chief Engineer 

2. Northern Engineering Laboratory 
357 Beloit Street 
Bur ling ton, W i econe in 

Attn: Mr ,  John D, Holmbeck 
Fre eident 

Since it appeared that the competence of theee two organisations 

wae approximately equal, Monitor Producte was selected purely 

on the basis of their proximity. 

As delivery of the required traneducere appeared to pace our 
ability to deliver the breadboard to FRC, some freedom a8 to 

the 'frequency of the two types of traneducere wae exercised. Thir 
wae particularly critical in the case of the ST unit mince fabricam 

ting the laminated duplex blankr ie  eomewhat lengthy and involver 

a high mortality rate. Monitor wae rcqueeted to furnirrh three 

i! 4 
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In ihe caRe of the NT crye ta le ,  Monitor wae requeeted to furnish 

three u n i t e  at  the name freqiiency in the range from 10, 00 to 20. 00 

k i l o c y c l e e .  

kilocyciee and t h e w  unite were furniehed with the breadboard 

Rystcm, 

L3ecaune o f  olemcnt availability, they selected 16. 384 

A copy of tlic catalog of crystai  product^ furnished by Monitor is 

enclosed as Appendix to this report. 

a copy of the purchaee order which M R I  used to obtain the transducers 

from this organisation. 

111 addition, we have included 
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1H19 VRnl- l? N U M n r A  M U Y T  A P P E A R  
ON A L L  P A C K A G E S  INVOICES &NO 

BHIPPINCI PAFERB 

PURCHASE ORDER 1os40-229 
NO. 

DATE 12- 10-64 
-1 Sicrr, to 

I I Hoed 12-10-64 
PRICE AMOUNT 
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1 f i t  v a n  i )c*  t l ~ t o r t r r i r i ~ d  that t h i e  tranRditcer will rcepond over the 

df-nnity ~ a ~ i p e  of it\tr*rcrRt, a n  exterieion of the breadboard equipment 

furnished could be u w d  to estnhliah a prototype approach for a 

measuring inetriitnctit. 

breadboard c i rcu i t  cliiring i-)lir?~e ili, tho problem of the frequency 

tracking between the driving eource and the t ransducer  neems to  

have been solved. 

tieRjgn a p p a r a  to  be thc. maintenance of a standard output level  

and the antomatic. adjiiRtment of the r a t io  of decade ree is tance  

to traii-ciiicer radiation x ~ e i e t a n c e  a s  changes occur throughout 

the g a e  dcnei ty  rarrgc'. 

both of thcer  taskfi by Rervo techniques euch that a readout 

clireciiy i n  gae density could he obtained on a contintroue baeie 

ana without opcr ator at tention. 

W i t h  f t i ' .  t*liangeR that were  made in the 

The remaining problem in  pract ical  inotrument 

It would appear feasible to  accomplieh 

Our xatner superficial  ineaBiit-enwnte of the breadboard prior to 

dci ivary to Fi IC indicate that  the JT element may offer the highest 

probability of meaeuxement over thc C i C n R j l y  region of interest. 

'Z'hcoreticai coneidcxat ion~ also indicate that the JT unit will be 

innre seneitive i i iai i  othrx t y ~ ~ e  at the low gan denaity. 

i n  the evvnt  that thin form of t ranaduccr  doee not exhibit suitable 

ecnRitivity for the FJ7 C rcquirement, coneideration should be given 

to techniques that wili enhance the low density seneitivity, 

such tcchniqiics i e  the posrribiiity of placing thie t ransducer  in  a 

contoured chamber of euch diineneione that the gas volume i e  

reduced to the mininium consis tent  with eliminating mechanical 

interference a t  the maxiniurn amplitude of vibration, This  ehould 

increaee  both the reactive and dieeipativc components of the radi-  

ation rcoietance and n a y  extend useful range of measurement further 

into the iow density region. 

However, 

Among 
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